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Abstract 

In order to validate the hypothesis that horse transport stress might aiso be the result of efforts spent in balance 
preservation, heart rate (HR) and muscular activity (MA) were analysed in eight Warmblood horses, with respect to 
individual rest reference values. Electromyographic (EMG) data were collected from Splenius muscles (left and right side), 
as representative of body anti-gravitational activities. The EMG data performed during each balancing effort were firstly 
quantified and then reported as percentage of the activity in respect to basal EMG signals obtained during resting; before 
loading the animal. These data were correlated with the HR recorded at the same time. Moreover, a videotape, synchronised 
with the EMG and HR data, was made to better recognise and to distinguish the muscular activities necessary for the 
preservation of balance, from the other muscular activities performed (e.g. searching, scratching, etc.). Although horses 
displayed HR and EMG individual quantitative differences (in power and number of events), the regression analysis showed 
that these two electrophysiologic parameters were strictly correlated in all animals. It was concluded that; (a) EMG and HR 
data can be used to evaluate efforts to preserve the animal's balance and that (b) this kind of effort might be considered one 
of the main transport stress factors. Consequently, we deduced that the efforts spent by the animals for a continuous postural 
adjustment can be considered as a physical expression of both muscular and emotional stress related to road conditions 
(traffic and/or physical road conditions) and the driver's specific driving ability. © 2002 Elsevier Science B.V All rights 
reserved. 
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1. Introduction 

A large number of horses are daily transported 
worldwide for various reasons: slaughtering, pur- 



6927, chasing, exhibitions, fairs, sport competitions, 
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etc. Most of the animals are usually transported by 
road and are well adapted to travelling, but, in some 
cases, transport can be very stressful. 

Animals subjected to this kind of stress can be 
more susceptible to a number of disorders; e.g. 
pneumonias, diarrhoeas, colics, laminitis, injuries 
and rhabdomyolysis (Cregier, 1982; Owen et al., 
1983; Bell and Lowe, 1986; Shinobu et al., 1992, 
1994; Oikawa and Kusunose, 1995; Bello, 1995; 
Kuwano et al., 1997). These conditions can be costly 
to owners, in terms of medical expenses and a loss of 
revenue, and moreover affect significantly the ani- 
mal's welfare. The importance of the latter consid- 
eration explains the relevance of the actual in- 
volvement of various groups for animal protection 
and bio-ethic committees (Comitato Bioetico per la 
Veterinaria, 1999); this shows the important social 
interest in this subject. 

In spite of many scientific papers directed to the 
physiological responses to road transport and stress 
associated pathologies, it is only recently that re- 
searchers addressed and tried to analyse the factors 
that may cause this kind of stress, although this was 
already suggested by Cregier (1982). Transport 
stress should not be considered as a single homoge- 
neous stimulus, but as a mosaic of stress influences 
where multifactorial sources contribute — often 
simultaneously — to build a complex stimulus that 
presses for an organic physiological adaptive re- 
sponse. Air conditions (Leadon, 1995), the horse's 
orientation within the van or trailer (Clark et al., 
1993), loading conditions (Waran and Cuddeford, 
1995), vibrations of the vehicle (Smith et al., 1996), 
density (Collins et al., 2000) or confinement, head 
positions (Raidal et al., 2000) and other potential 
stress sources are recognised as different components 
of this mosaic. Although the loss of balance has been 
already reported as one of the. horse's stress sources 
(Clark et al., 1993; Gibbs and Friend, 1999; Collins 
et al., 2000), the balance preservation efforts were, 
until now, not quantified and directly correlated to 
stress responses. Consequently, their importance is 
not known, especially when the efforts are not 
followed by traumas and have no physical conse- 
quences. The purpose of the present study was thus 
to determine quantitatively the balance preservation 
activities in the transported horse and to evaluate 
their correlation with the heart rate as stress response 
during road transportation. 



2. Materials and methods 

2. 1. Animals, stance, data collection and devices 

Eight healthy Warmblood horses were used (aged 
4.9 ±1.7 years). All horses were tamed and accus- 
tomed to be harnessed. They were all housed in 
boxes (4 X 4.5 m) and fed with a concentrate mixture 
and hay ad libitum. During transport their body 
position was standardised: straight-forward, consi- 
dering that it was reported that body direction has no 
effects on heart rate (Smith et al., 1994b). The horses 
were fastened to the vehicle allowing large head 
movements and each horse was transported alone. 
Electromyography (EMG) and electrocardiography 
(ECG) data collection, methods and devices were the 
same as those reported by us in a number of previous 
communications (Giovagnoli et al., 1997a,b, 
1998a,b). In previous similar studies the number of 
horses studied were less or equal to those in this 
research; five for Doherty et al. (1997), seven for 
Waran and Cuddeford (1995) and eight for the 
studies of Smith et al. (1994a,b). 

2.2. Experimental protocol 

The starting and arrival points, the route followed, 
the road quality and distance (18 km) were the same 
for all horses. The starting time was fixed at 0600 h 
AM in order to have the same traffic intensity; 
average trip time was 26 min±12. A vehicle 
(IVECO, Turbo Zeta, 65-12, modified for animal 
transport) that was in perfect mechanical conditions 
(new suspensions, perfect radials pressure, etc.) was 
used for the trials. Three different drivers were 
employed: two with high and one with very low 
driving experience and skills; the eight transports 
were equally divided between high and low expert 
drivers. 

Heart rate (HR) was chosen as a stress expression 
because it is a rapidly variable parameter suitable to 
be compared with the continuous activity of muscle 
adjustment (Clark et al., 1993; Smith et al., 1994b; 
Waran and Cuddeford, 1995). It was decided to 
record the Splenius muscle activity because it is 
considered one of the most important muscles in 
anti-gravitational activities (Giovagnoli et al., 1997b, 
1998b) and expected to be constantly used for the 
animal's balance preservation. 
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The recording of ECG and EMG data started 30 
min before the loading of the animals, in order to 
obtain HR and EMG basal reference values. The 
slowest HR value performed during the first 20 min 
(during either rest or feeding) was considered the 
basal reference value; the EMG basal reference 
value, recorded during the last 10 min before load- 
ing, was obtained by positioning the animals in a 
standardised balance situation (with the left foreleg 
always on the same support in order to obtain a 
similar leg-floor corner) and by choosing the muscu- 
lar activity performed during the 4 s with the slowest 
HR. The animals did not show pain or other distur- 
bances due to human manipulations or the presence 
of the devices. 



2.3. Data analysis 

Lead system, montage, symbols, filters and gain 
used during raw EMG/ECG data analysis are re- 
ported in Table 1. The events relative to the pre- 
servation of balance (defined as muscular activities 
used to maintain the balance, independently if fol- 
lowed by loss of balance or not and lasting no longer 
than 4 s) were recognised by video and distinguished 
from the other muscular activities performed (e.g. 
searching, scratching, etc.). All these events (defined 
as "windows" in electrophysiology literature) and 
their respective subsequent phases of balanced stand- 
ing (muscle recruited as normal standing) were 
considered in the analysis. These events, character- 
ised by EMG and ECG simultaneously recorded 
data, were digitally moved from the EMG/ECG 
software (Micromed s.r.l.) to a data map (Microsoft 
Excel 7.0, 1995) where EMG data were processed. 
Instant HR was directly calculated with the EMG/ 
ECG software. 



In this study we decided to use a root mean square 
(RMS) value based amplitude estimation, as sug- 
gested by Farina and Merletti (2000). RMS, the most 
widely used estimator, is defined by the following 
equation: 



RMS =\/^2*f 



(1) 



where: 

N is the number of samples in the epoch consid- 
ered; Xj are the signal samples; further details are 
reported in specific literature (e.g. Farina and Merlet- 
ti, 2000). 

Using Eq. (1) the information concerning the 
duration of the contraction is no longer measurable 
and should thus be evaluated separately. In order to 
reduce the investigated variables, we decided to use 
a single value parameter which permits to take into 
account both the duration in time and the amplitude 
of the signal. This parameter is defined as: 



rmssM/2,*; 



V 2 



(2) 



Eq. (2) is derived from Eq. (1) neglecting the range 
normalisation. From the physical point of view the 
estimator defined by Eq. (1) is in relation to the 
signal power while the one defined by Eq. (2) is in 
relation to the signal energy. 

Therefore, to evaluate muscular involvement and 
to compare it among various contractions within the 
animal itself and between all animals examined, the 
EMG events were quantified as percentage of root 
mean square value versus amplitude and time 
(%RMSat) compared to basal reference RMSat 
evaluated during 4 s (this is the longest time period 



Table 1 

Lead system, montage, symbols, filters (low and high) and reference gain used during raw data analysis 



Lead 


Montage 


Symbols 


Fil. low 


Fil. high 


Ref. gain 


system 






(Hz) 


(Hz) 


(nV) 


1 


Splenius - left side. 


Spl. LS 


30.0 


500 


100 . 


2 


Splenius — right side. 


Spl. RS 


30.0 


500 


100 


3 


Electrocardiogram 


ECG 


10.0 


30 


100 


4 


Time marker 


MKR 


- 


_ 


- 
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in all samples recorded during transport) at rest 
before the transport. 



2.4. Statistical analyses 

The primary objective of the statistical analysis 
was to determine the relationship between EMG and 
HR during the events of balance preservation. The 
HR and EMG data were processed (Microsoft Excel 
7.0, 1995) by correlation and by linear simple 
regression analysis. 



3. Results 

The electrophysiological registrations reported 
very few artifacts, mainly in the ECG derivation due 
to chest muscles contractions (biological artifacts) 
during loss of balance events (Fig. la) or when 
animals neighed (Fig. lb). During these occasions 
the HR was calculated by computing the subsequent 
first R-R peak-to-peak distance readable immedi- 
ately after Splenius contractions. During neighs, data 
were neglected anywhere considered as behavioural 
and not as biomechanical effects. The video images 
resulted synchronised, as reported by us in previous 
researches (Giovagnoli et al., 1997a, 1998b), and 
allowed to distinguish muscle contractions performed 
for balance preservation among other behavioural 
situations. During all balance preservation efforts the 
Splenius muscles were used mainly together; their 
quantitative and shared recruitment were depending 
on the inertia vector direction. In the occasions in 
which the two EMG tracks, from the left and right 
Splenius, appeared different, the analysis was per- 
formed on the one that displayed the higher and 
stronger signal. Data of HR and %RMSat developed 
during transports are shown in Fig. 2; an intuitive 
correlation between HR and %RMSat peaks is 
already detectable. The analysis of HR and %RMSat 
correlation is reported in Table 2. Not all horses 
showed the same balance behaviour during trans- 
portation. As expected, horses 4, 6, 7 and 8, trans- 
ported by the expert drivers, showed lower HR 
(Table 3 and Fig. 2). 



4. Discussion 

The Splenius muscles as biomechanical refer- 
ences, were shown to be a valid solution to evaluate 
the preservation of balance, considering their con- 
tinuous activity in all postural adjustments; we also 
previously observed this on a 24 h behaviour analy- 
sis by electrophysiology monitoring (Giovagnoli et 
al, 1997b, 1998b). 

The strict correlation among parameters (Table 2) 
proves the potential emotional relevance (e.g. fear or 
fright) of the efforts made to maintain the equilib- 
rium during these muscular activations and, thus, the 
importance of this stimulus in the origin of transport 
stress. 

The animals transported by the inexperienced 
driver showed higher HR and a tendency for more 
muscular involvement than the others; in particular, 
horse 5 showed high muscular and cardiac activities 
prolonged for a considerable length of time (sub- 
sequent phases of balanced standing characterised by 
an higher activation of muscles), suggesting a mark- 
ed stress due to balance preservation (Table 3 and 
Fig. 2). On the extreme opposite, horse 8 showed the 
lowest values of the two parameters considered and 
the fewest muscular adjustment events. 

Driver ability influenced the levels of emotional 
stress (HR) (Table 3 and Fig. 2) by inducing 
continuous horse postural adjustments finalised to 
balance preservation. Even though there were obvi- 
ous individual differences among horses, HR and 
%RMSat values were significantly correlated (P< 
0.001) (Table 2) and, thus, seem to be significantly 
affected by the degree of experience of the driver. 
All behavioural parameters recorded showed evi- 
dence that there is a discontinuous involvement of 
sympathetic nervous system that induces a continu- 
ous swing from alert or fear, during higher stimulus, 
to a placid status of serenity, when there is lower 
stimulus or during halts phases (Fig. 2). From this 
point of view, city routes should be considered as a 
high stress potential risk, not only for the noises or 
other relevant factors, but especially for the high 
variability of the direction vectors on the tri-dimen- 
sional axes. The evidence that the preservation of 
balance can be considered as one of the main causes 
of stress is in agreement with: (a) Doherty et al. 
(1997) who found that the energy spent during 
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(b) 

Fig. 1. EMG/ECG raw tracks. Lead system, montage, symbols, filters and reference gain are reported in Table 1. Speed paper at 15 mm/s. 
(a) After the first arrow a preventive muscle low activation is detectable (neglected data); after the second arrow a typical EMG event due to 
balance preservation reflex (analysed data), following increased HR, is shown. During the EMG event an example of ECG artefacts due to 
chest muscles contractions is visible, (b) Note the typical asymmetric Splenius activities (turning neck) during searching behaviour (at first 
arrow: starting; at second arrow: stopping). On ECG derivation (first arrow) typical slow contraction of chest muscles when animal neighs. 
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Fig. 2. Graphs of HR and variances of %RMSat during transports in each horse. Horses I, 2, 3 and 5 were transported by non-experienced 
driver, while the others by experienced drivers. 



transport appears to be similar to that associated with 
walking, even though the animal is standing; (b) the 
rinding that the hematic muscular profiles are fre- 
quently and markedly modified during transport 
(Schmidt and Schmidt, 1980; Ferlazzo et al., 1984;-; 



Stull, 1998) and (c) the finding that the respiratory 
rate increases markedly at the beginning of transport 
and during transport time, while it decreases close to 
a pre-transport level during halts phases (Hobo et al., 
1995). 
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Table 2 

Coefficients of correlation, standard 


errors and significance between HR and %RMSat for each horse (H.) 






Coefficients 


H. I 


H. 2 H. 3 H. 4 H. 5 H, 6 


H. 7 


H. 8 


Correlation 
Standard error 
Significance 


0.48 
25.00 
< 0.001 


0.87 0.74 0.69 0.77 0.40 

13.50 16.20 26.67 26.28 9.66 

<0.001 <0.001 <0.001 <0.001 <0.001 


0.73 

9.43 

<0.00! 


0.82 
10.51 

<0.001 



Table 3 

HR and %RMSat values for each horse during transport (means ±S.D.). The corresponding driver identities and abilities are reported 



Horse 


Driver ability" 


Driver identity 


HRO±S.D.) 


%RMSat ((jl+S.D.) 


H. I 


NE 


A 


100±5 d 


187 + 17 


H. 2 


NE 


A 


I05±5 b 


304±19 


H. 3 


NE 


A 


98±5 d 


164±I7 


H. 5 


NE 


A 


116±4b 


292±16 


H. 4 


E 


B 


83±4 a 


146±14 


H. 6 


E 


B 


59±3 c 


340+38 


H. 7 


E 


C 


56±5 c 


64+17 


H. 8 


E 


C 


52±6 c 


37 ±22 



'Legend: NE=not experienced; E=experienced. 



5. Conclusion 

The horse's need for the preservation of balance 
has been neglected when compared to other im- 
portant aspects concerning transportation (density on 
displacement, transport length, etc.). Results from 
this experiment indicate that it is an important stress 
stimulus, constantly repeated during transport, which 
should be considered in the global mosaic of trans- 
port stress etio— pathogenesis, either as^ a direct factor 
(e.g. rhabdomyolysis, injuries, etc.) or as an indirect 
(e.g. shipping fever through the immunity response 
suppression - Leadon et al, 1989). 

Current regulations on the animal's welfare (EC 
Directive 95/29 /EC, 1995) emphasise the time 
required for transportation. Objective conditions 
(vehicle maintenance and physical road conditions, 
traffic, etc.) as well as subjective situations (driver's 
professional ability) should be considered crucial 
factors in determining the magnitude of stress. 
Physiological parameters such as HR and %RMSat 
were shown to be valid transport stress indicators; 
highly correlated to each other. Further research is 
needed to investigate the feasibility of recording 
procedures (for either both parameters or HR values 
only) easily applicable to real transport situations. 
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